A study was conducted to determine the spontaneous occurrence of hypertrophic foci of the pancreatic acinar cells in rats. Tissues from untreated control rats, 4 to 27 months of age and used in either subchronic and chronic feeding toxicity or carcinogenicity studies were reviewed. The lesions, morphologically distinctly different from nodular hyperplasia or hyperplastic nodules and adenomas, were microscopic in size and occurred in 109 of 607 males (17.6%) and 87 of 517 females (16.8%). The overall incidence of hypertrophic foci in the pancreas from rats of both sexes significantly increased with age. The lesion was not sex-related. Neither the size nor the number of lesions appeared to increase with age. The lesion represents a distinct pathologic entity and i s considered to be neither hyperplastic nor neoplastic.
INTRODUCTION
During microscopic examination of the pancreas from CD* rats used in chronic toxicity and carcinogenicity studies, foci of enlarged acinar cells, morphologically distinctly different from nodular hyperplasia or hyperplastic nodules and adenomas, were frequently observed in aging males and females of both untreated control and treated groups. Generally, such enlarged cells had abundant cytoplasm and prominent nuclei. Based on their characteristic histologic features, the lesions are best designated as hypertrophic foci.
Although similar lesions have been induced experimentally in rats, (1-10) and many reports of spontaneous lesions, both neoplastic and non-neoplastic, have been documented, no adequate information about the incidence of spontaneous acinar cell lesions of the pancreas, similar to hypertrophic foci, is available. It is well recognized that to interpret the results of a carcinogenic or longterm toxicity study, adequate knowledge about the occurrence of spontaneous neoplastic and non-neoplastic lesions in the specific strain of animals used is important.
In view of a possible confusion in classification and terminology, as well as a lack of information about the incidence of spontaneous hypertrophic foci of the pancreatic acinar cells in rats, this report described results of a retrospective study undertaken to determine the incidence and histomorphology of hypertrophic foci in untreated control CD9 rats.
METHODS
Histological slides of pancreas were selected from untreated control CDB rats of Sprague-Dawley origin (Charles River Breeding Laboratories, Wilmington, MA) used in feeding studies of 90 days or longer conducted between 1968 and 1976. Rats were purchased as weanlings and were quarantined for one to two weeks before testing began. They were housed, separated by sex either two or three per cage, in suspended stainless steel wire-mesh cages in the environment-controlled rooms. Ground Purina@ Laboratory Chow (Ralston Purina Company, St. Louis, MO) containing 1% added MazolaO corn oil and tap water were available ad libitum. Rats were killed and necropsied at either three months, one or two years. Rats either moribund or found dead during the course of the studies were also necropsied. Pancreatic tissues collected at necropsy were fixed in 10% formalin or Bouin's fluid. Paraffin-embedded tissue sections were stained, mostly with hematoxylin and eosin, but some with a modified Masson's trichrome. Tissues showing considerable autolysis and not suitable for histopathologic evaluation were excluded.
Rats were divided into 'age groups using three-month intervals. Data were analyzed statistically by one-tailed Fisher's exact test for comparison between sexes and age groups, and a logistic regression model was used to examine the age-related trend (11) .
RESULTS
Pancreatic sections from a total of 1124 rats, 607 males and 517 females from 31 studies, met inclusion criteria and were reviewed. Pertinent data relative to the age group and distribution of the hypertrophic foci are shown in Table I . Although the number of rats and the incidence of lesions varied greatly from study to study (even within the same age group), the incidence significantly increased with age. There was no significant difference between sexes in any age group. The size and number of the lesion did not appear to increase with age. A majority of rats had one focus, but two or more foci were not uncommon and one rat had nine foci in a single section of pancreas.
The morphological findings of the lesions were mainly based on the study of hematoxylin and eosin-stained tissue sections. Microscopically, the features of the foci were similar to those described previously (1, 6, 7, 10) but some additional changes were observed. Although there were many variations in tinctorial affinity, size and shape, certain distinct morphologic features were observed in the majority of lesions examined. Uncapsulated, discrete foci consisting of enlarged or hypertrophic acinar cells with abundant cytoplasm of altered tinctorial affinity and large nuclei were prominent. A representative focus is shown in Figure 1 . The size of the foci ranged from a group of a few cells up to 0.5 mm in the greatest dimension. The shape of foci was variable, and they were either round, oblong, triangular with sharp angles in some, or irregular. In some irregularly-shaped foci, acinar cells of normal appearance were intermixed with hypertrophic cells (Fig. 2) . Occasionally, both cell types were seen in the same acinus. The hypertrophic cells were large, and ranged from one to several times the size of normal cells; some were of uniform or variable in size within the same focus, but were normal in shape and acinar arrangement. The cytoplasm was slightly to moderately basophilic throughout the entire cell or intensely basophilic at the base and less stained to nearly colorless at the apex with indistinct zymogen granules. The large nuclei were varied in size and shape, with dense, clumped, reticular or marginated chromatin, containing one to several prominent nucleoli. Other features such as duct-like acini, interstitial fibrosis or lymphocytic infiltration, mitotic figures and cellular debris were also, but rarely, observed. Pressure atrophy was the only change observed in some nonhyper- trophic acinar cells either in the center or at the periphery of the foci.
DISCUSSION
A review of the literature shows that pancreatic acinar cell lesions resembling hypertrophic foci in rats have been reported to occur spontaneously or to be induced experimentally in other species of rodents including mice, hamsters, guinea pigs, Mastomys (Praomys) and Mystromys (8, 9, (12) (13) (14) (15) (16) . Several names have been designated or described for these lesions such as atypical acini, atypical acinar cell foci or nodules, atypical proliferation, basophilic foci, hyperplastic nodules, and pleomorphism (1-10,12-16). These changes have also been considered to be regenerative (16) , and pre-neoplastic (2--5, 8-10, 12, 13). Only Morris et al. (6) considered the changes to be neoplasms. Rowlett and Roe (17) indicated that the lesions resembled nodular hyperplasia. Apparently, there is considerable disagreement regarding the diagnosis and nomenclature of the lesions.
It is generally agreed that hyperplastic foci or nodules may be considered pre-neoplastic or a precursor of a neoplasm. However, based on their characteristic morphology and biologic property, we established that a) there was no correlation between the size and number of the lesions and the age of the animals, b) there were a few mitotic figures, c) no transition was found between hyperplastic lesions and hypertrophic foci. Thus, these foci were considered to be neither hyperplastic nor neoplastic, and they are presently considered to be a distinct pathologic entity. These views are consistent with the following findings: a) The incidence of pancreatic acinar cell adenomas in untreated control CD9 rats at Haskell Laboratory (unpublished data) is comparable to published data (17, (19) (20) (21) (22) (23) ; b) The hypertrophic foci have low proliferative capability as indicated by the results of autoradiographic study (7); and c) Pancreatic acinar cell tumors in Mastomys are not found in one study (15) but are reported in 19% of animals in another (12) , though both studies indicate a high incidence of lesions similar to hypertrophic foci. Takahashi and Pour (16) do not consider the foci to be the result of a neoplastic process. Rao et al. (7) believed that the lesions would not become tumors. The lesions may have been considered preneoplastic because of their pleomorphism, their coincidence with neo- plasms, or their occurrence only in test groups. Similarly, the term atypia is considered to be inappropriate for describing the present lesions, since it has been referred to in many instances as a state or stage of neoplastic transformation.
However Figure 16 of Longnecker and Curphey (3), and by Shinozuka et al. (18) resemble nodular hyperplasia or hyperplastic foci/ nodules, traditionally diagnosed by pathologists. Therefore, it is not possible to determine the relative incidence of hypertrophic or hyperplastic lesions in reports in which these two lesions have been classified under the same category. The failure to observe hypertrophic lesions in the control and test groups in some previous reports (1, 6, 7, 10) may have been related to the age, strain and source of animals, or other factors. In the discussion following presentation of their paper, Hayashi et al.
(1) mentioned that the lesions resembled hypertrophic foci occurred in the pancreas of aged rats but did not give the incidence. Obviously, hypertrophic foci not only can be induced experimentally but also can occur spontaneously. It appears that the lesions may have been neglected or classified under other types of lesions.
